Abstract
Introduction
Healthcare inequalities have been associated with multiple risk factors including race, socioeconomic status (SES), geography, population density, gender and payer status [1] - [5] . Such outcomes inequalities have been noted for gastrointestinal malignancies, the most striking being associated with colorectal cancer [4] . Given that colorectal cancer represents a significant cancer burden, and interventions such as screening and surgery can decrease mortality, understanding the factors that drive inequality is imperative.
The disparity gap for colon cancer has continued to widen as deceases in mortality over the last two decades have not been equal for all groups [6] [7] . There appears to be a complex interplay of factors driving outcomes in inequality. African-American (AA) race has been the most consistently sighted factor associated with poorer outcomes [4] [6]- [8] . Such studies often do not (or cannot) account for access to care, SES, insurance or comorbidities [6] [9]- [11] . It is clear that SES, geographic, and insurance factors are also associated with outcome disparity [4] [8] [12] [13] . Accounting for these potential confounding factors unveils a more complex picture [4] [7] [8] [11] [12] [14] [15] . For example, in an equal access system, the Veteran's Administration, outcomes disparities across racial lines are significantly diminished [12] [14] . It is likely that poorer outcomes for AA are, in part, secondary to unequal use of screening, surgical resection, adjuvant therapy and appropriate follow-up [13] [16]- [20] .
Although these data are intriguing, and point towards the factors associated with colorectal cancer outcome inequalities, much of the data have been derived from administrative datasets that lack key information [4] [10] [13] [20] [21] . In order to surmount these obstacles, merged datasets have been constructed with surveillance, epidemiology, and end results (SEER) or statewide cancer registries and administrative medicare data [4] [7] [16] . Such data are limited in conclusion regarding a general United States population of colorectal cancer patients, as most patients are older than 65 years and restricted to SEER (only about 17% of the United States population) or other geographic regions. Veteran's Administration and Military Health System surmount some of these shortcomings which are limited to a small segment of the population [12] [14] [21] .
Limitations in the current data regarding outcome inequalities in colorectal cancer make it imperative that further study is undertaken to better define associated factors. We hypothesized that additional data unavailable in many databases (i.e. data regarding treatment and comorbidities) would account for much of the inequalities currently documented within the literature. In order to study our hypothesis, we chose the data from the National Cancer Data Base (NCDB). The advantage of the NCDB dataset is that it represents a majority of patients diagnosed with cancer in the United States (~70%), documents both chemotherapy and radiotherapy treatment, and reports Charlson Comorbidity Index.
Materials and Methods
This study has been exempted from the Institutional Review Board at East Carolina University. Data use was granted via the β user program at the NCDB. All patients with colon cancer were identified in the NCDB. The NCDB represents approximately 70% of all cancers diagnosed in the United States [22] . In order to better understand determinates of survival, data were analyzed only if Charlson Comorbidity Index (CCI) was available; this limited our analysis to patients diagnosed between 2003 and 2010. Patients were also excluded if they did not have adenocarcinoma or stage was unknown. Data obtained included region, gender, race, CCI, insurance payer and AJCC stage. Treatment variables included surgery and administration of chemotherapy. Socioeconomic variables were derived from the county level (not patient) census data on median income and percentage of high school dropout. Insurance status was defined as medicare, private, medicaid/public assistance and not insured. Race was defined as non-Hispanic White (NHW), AA, Hispanic (HS) and other for the purposes of this study.
Statistical Analysis
The differences were compared by univariate and multivariate analysis. For univariate analysis, chi-square test and students T-test were used as appropriate. Survival analysis was performed by the Kaplan-Myer method and Log rank test. Cox proportional hazard models were used to estimate the independent effects of all variables on survival. The appropriateness of proportional hazard assumptions was validated. Statistical significance was defined as p < 0.05. All analyses were performed on JMP version 17 (SAS Institute, Inc., Cary, NC).
Results

Population
541,649 patients were identified. Table 1 reports the demographics of patients in the NCDB undergoing treatment for colon cancer from 2003-2010. The greatest number of patients came from the southeast, 21.5% (116,600), the median age was 68 years; a vast majority of patients were classified as NHW 80.2% (434,375), and there was an even gender distribution. The most common insurance status was medicare (57.2%) followed by private insurance (34%), medicaid/public insurance (4%) and the uninsured (2.9%). Majority of patients came from counties with the highest median income (36.7%) and lowest high school dropout rates (32.8%). The majority came from metropolitan counties (population > 250,000) and had a low Charlson Comorbidity Index (CCI). There was a fairly even distribution in all stages of the disease. Most patients underwent surgical resection (92.6%) and did not receive chemotherapy (62.6%).
Demographic, Socioeconomic, Charlson Index, Stage and Treatment Data by Race
Demographics: Significant variation existed in demographic, socioeconomic, stage and treatment factors when stratified by race, p < 0.0001 ( Table 2) . NHW patients were equally likely to be from the southeast and the Great Lakes, whereas, African-American (AA) were more likely to be from the Southeast. Hispanic (HS) patients were equally likely to be from the Southeast and Pacific, and those classified as other were more likely to be from the pacific. NHW patients were more likely to present at an older age of 69 years, compared to the other groups. Socioeconomic: Non-Hispanic White (NHW) patients were more likely to have medicare than any other group, 60.4%. AA and HS were more likely to have medicaid/public assistance or to be not insured at 15.1% and 21.4% when compared to NHW and other. NHWs and others were more likely to be from counties of ≥$45,000 median income (39.2% and 50.1%) compared to AA and HS (18.6% and 26.8%). In addition, AA and HS were significantly more likely to be from the lowest income counties (34% and 24.5%). NHW and others were also more likely to reside in counties with a lower high school dropout rate when compared to AAs and HSs. AAs, HSs and Others were more likely to reside in metropolitan counties when compared to the NHW patients.
Charlson Comorbidity Index (CCI), stage and treatment: CCI 0 was fairly similar for NHW, AA and HS but slightly better for other. AA patients were more likely to present with stage IV diseases than any other group at 25.4%, followed by HS (21.7%), other (20.7%) and NHW (17.4%). NHW patients were slightly more likely to have surgery than any other group (93.2%) and AAs were slightly less likely to have surgery than any other groups (89.3%). AAs, HSs and others were more likely to receive chemotherapy than NHW patients.
Survival
Univariate Analysis: There was a profound association between survival and insurance status, with private insurance having a median survival of 98.7 months compared to 54.4 months for uninsured patients (Figure 1) . Diminished survival for those with medicare most likely represents an expected advanced age in this group. Median survival was lowest in the mountain region and highest in the pacific region, 58.8 months vs. 70.8 months. Women had significantly longer survival than men, 65.8 months vs. 60.2 months. County income was also significantly associated with survival, with the greatest survival in the highest income counties and a near linear decrease with county income, p < 0.0001. A similar trend was noted for the percentage of high school graduation, with a linear decrease with an increase in dropout rates. Survival was greatest for patients coming from metropolitan counties, followed by urban counties than rural counties. Not surprisingly, CCI and stage were strongly associated with survival. When stratified by race survival was greatest for other (88.8 months) followed by HS, NHW and AA at 70.9, 63.2 and 53.0, respectively (Figure 2) . Multivariate Analysis: In order to better understand the relationships between survival, patient demographics and outcomes, we performed a Cox regression analysis. As a result of the large numbers in this dataset, nearly all the survival findings were significant with a p-value of <0.05. Factors strongly linked to survival were insurance payer, race, and gender ( Table 3) . As expected, CCI, age and receipt of chemotherapy were linked to survival. Insurance status was a strong predictor of survival. When compared to patients with private insurance those without insurance or with medicaid had the poorest survival (risk ratio 1.44 and 1.42) followed by medicare (risk ratio 1.1). Race was also liked to survival, but in an unexpected way. We found (with a model accounting for stage, insurance coverage and comorbidities) that Others and HS had a superior survival compared to NHWs. AAs had a 20% survival disadvantage. Women had superior survival than men. Socioeconomic status and location were weakly linked to survival. Low county level income and high school graduation rates were associated with diminished survival when compared to the highest level counties, risk ration 1.06 and 1.05.
Discussion
In order to adequately address the healthcare outcomes inequalities, we must clearly define which factors are associated with poorer outcomes. There are many studies associating healthcare outcome inequalities with race, socioeconomic status (SES), insurance coverage, population density and gender [4] . Although these data provide some understanding of healthcare inequality, conclusions are limited by an inability to control for key variables. Missing data elements include insurance payer status, treatment variables and comorbidities and the study of limited population (i.e. military, a single state, or >65 years old). In order to better define outcomes disparities, we embarked on an evaluation of the National Cancer Data Base (NCDB) which covers 70% of the newly diagnosed cancers in the United States and contains many variables missing from other data sets.
In this study we found that insurance payer was an important predictor of survival. Patients with medicaid or who were not insured had a more than 40% increased risk for mortality when compared to those with private insurance. In addition we found that race was strongly linked to survival, but in a way different from many previous studies. We found that, as most literature suggests, that African-Americans (AA) are at a higher risk of mortality; we, however, found that Hispanics (HS) had a superior survival rate. Although socioeconomic and geographical factors were associated with survival, these associations were fairly weak.
Insurance payer status is strongly associated with survival for colorectal cancer. We found that patients who were uninsured or had medicaid/public insurance had a more than 40% increased risk for mortality when compared to those with private insurance. These data are an important extension of work done using the NCDB and other data sets. Ward demonstrated using data from the NCDB that patients who had medicaid or were uninsured presented more often with advanced colorectal cancer when compared to those with commercial insurance [23] . Robins, also with NCDB, found that survival was lower for patients with medicare or who uninsured compared to patients with private insurance [24] . In contrast to our data, the authors only looked at patients of age 18 -64 years and follow-up was limited to one year. Similar studies using statewide registries have found that patients with colorectal cancer who were uninsured or had medicaid, had a higher risk of death compared to private insurance [20] [25] [26] . These studies, however, did not consistently adjust for SES or comorbidities. Gory found that the survival disadvantage associated with a lower ecologic SES was mitigated by access to health insurance [8] . Our data adds additional understanding to the role of health insurance as a mediator of outcome inequality for colon cancer as previous literature is limited by lack of controls for important confounding factors (SES, demographics and comorbidities), patient population, or inadequate follow-up.
We found little difference in survival between medicare patients and those with no insurance. The etiology of this is unclear but may be secondary to poor access to care for patients with medicaid insurance. Another contributor is enrollment after time of diagnosis. Many patients are enrolled in medicaid after diagnosis of cancer, as high as 45%, and post-diagnosis enrollment is associated with a decreased survival [25] [27] . The NCDB does not allow us to distinguish between patients enrolled in medicaid at the time of diagnosis and those enrolled in medicaid after the diagnosis has been established.
Much of the survival disparities associated with colorectal cancer are diminished for patients who are cared for in an equal access medical system. Investigators have found that in the Veterans' Administration or military insured families, socioeconomic and racial factors have no or little influence on outcomes for patients with colorectal cancer [12] [14] . Comparisons between impoverished Canadian colon cancer patients and those in the US demonstrate improved quality, increased use of chemotherapy and better survival for Canadians [28] [29] .
There is a significant body of literature on survival disparities in colorectal cancer for AAs. Multiple investigators have documented racial inequality in colorectal cancer, with diminished survival for AA patients [4] [6] [7] [9] [10] [21] . Similarly, we found on univariate analysis that AAs had a lower survival than any other group. This continued on multivariate analysis when controlling for stage, insurance status, comorbidity, and SES factors ( Table 3 ).
There appears to be a paradox in survival for HS patients in this and other studies. We found that HS patients, as well as AA, were more likely to be un/under-insured, present with metastatic disease and living in regions of higher ecological socioeconomic deprivation. Despite this, on univariate and multivariate analysis it was found that HSs had a superior survival compared to AAs and Non-Hispanic Whites (NHW). This is similar to the findings of Phillips in the state of Texas [13] . In this study the authors report a decreased mortality for multiple cancers including colorectal. There are proposed mechanisms for this difference including a theory of selective migration of healthy immigrants and decreased smoking rates for HSs. The authors found that adjusting for smoking rates in a theoretical model accounted for differences in mortality for all cancers, including colorectal. This study has several limitations. First, all socioeconomic data is ecologic, i.e., these data represent census track socioeconomic deprivation and not individual socioeconomic data. Also, we have access to only two socioeconomic factors limiting some of our ability to document socioeconomic deprivation. There are also limitations inherent to all large database studies. Secondary to the size of this database, many factors were statistically associated with survival even when the advantage was fairly modest. The readers need to be mindful of the clinical relevancies of these differences.
Conclusion
In conclusion, we found that insurance payer status was a stronger predictor of decrease survival than race or SES. These differences were noted on both univariate and multivariate analyses. These data indicate that access to care continues to be important beyond diagnosis. We also found that the AA race imparted about a 20% survival disadvantage compared to NHW. Finally, we also noticed a significant improvement in survival for HS Americans despite the presence of poor access to insurance, later stage of presentation and ecologic socioeconomic deprivation. The explanation for this paradox is not entirely clear, but may be related to healthy migration and smoking status.
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